In cold regions pavement surface rutting is due to permanent deformation in the different layers 21 of the structure as well as surface wear due to studded tyres. The permanent deformation in the 22 unbound layers mainly takes place during the spring thaw and rainy periods, whilst the 23 bituminous layers exhibit plastic deformations mainly when the asphalt layers is warm, i.e. 
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The main drawback of studded tyres is linked to the surface abrasion caused by the 30 studs repeatedly hitting the pavement surface. This process also causes pollution in the form of 31 non-exhaust PM10 (Particulate Matter with an aerodynamic diameter smaller than 10 µm) as well 32 as increased noise pollution. The increased road noise pollution comes from both direct 33 emissions from studded tyres and from the specific demands on the road surface that result in a 34 rough texture that increases the noise due to difficulties in optimizing the texture (1). Road noise 35 contributes to such health issues as sleep disturbance, high blood pressure and indications of 36 increased risk of ischaemic heart disease (4). In urban environments, a large part of the measured 37 mass concentration of particles (PM10) consists of non-exhaust particles (wear particles from 38 road, tyre and brake sources) in areas where studded tyres are used (5, 6). PM10 is linked to 39 different health issues, including increased cardiovascular and cerebrovascular mortality (e.g. 7) 40 but also respiratory diseases and daily mortality (e.g. 8, 9, 10) . In a more recent study by van der 41 Gon et al. (11), a consensus statement was given stating that health risks due to non-exhaust 42 PM10 from wear emissions are non-negligible. Furthermore, Amato et al. (12) have concluded in 43 another review that the non-exhaust PM10 may be as hazardous as tail pipe PM.
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In recent years abrasion by studded tyres has decreased due to legislation, among other 45 things, limiting the number of studs per tyre, improvement in stud types and their weight, and 46 allowing only seasonal use of studs as well as the technological development of surface courses, 47 including the development of more abrasion resistant wear surfacings. Currently, during the 1 winter period, the studded tyre usage for light traffic is estimated to be 45-96% in Sweden, 2 depending on geographic region (13). In Norway, studded tyre usage ranged between 12-79% 3 (14) . For Finland, the share is 76-99% depending on region (15). Over the last few decades, 4 several regulations have been introduced in Sweden as an incitement to push development of 5 studded tyres to decrease abrasion wear. Today the number of studs and the weight of studs, etc., 6 are regulated in Sweden (16, 17) The abrasion wear prediction model was developed based on a full-scale experimental indoor 32 circular Road Simulator (RS), and was also further tested and validated with field performance.
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The first version of the model was released in 1997 (18). The intention was to predict mean 34 profile wear and maximum rut depth due to abrasion caused by studded tyre usage for (24) is needed. 7 For graphical presentation, the user can add main and sub-headings, the maximum 8 allowed rut depth, the estimated rut depth due to other sources (e.g. deformation) and the number 9 of years for graphical presentation.
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The Wear Model regression analysis for all observed data, a regression model was determined (18).
38
Material factor 39 40
The first part of the model is calculation of a material factor, which is done by multiplying the 41 relative wear with factors depending on the speed, on salting and on the studs, and calculated 42 with one of two alternative sub-models. The model is valid for AP between 13-46 cm 3 .
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For both models, the material factor fM [-] is calculated by: The amount of studded tyre traffic at each point per year in the tranverse profile is calculated as: The wear per year at each point is calculated by: The average profile wear (APW) is calculated as the sum of wear over the full width for two Data on the field road sections, used for model calibration, have been compiled from former 17 research projects (13, 26-28). All relevant technical and traffic data are presented in Table 3 .
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Field data were measured using the earlier described laser profilometer. The evaluation of the model was done by comparing the measured abrasion wear rates and the 5 calculated wear rates. This was done at the time of construction, meaning that the predicted wear 6 rate is based on the data for construction year compared to the measured wear. The measured 7 wear rates are both the mean profile wear rate (the mean abrasion over a full profile) as well as 8 the mean track wear rate (the mean track abrasion for both tracks). These are compared to the 9 mean profile wear rate and to the maximum track wear rate calculated in the models. Certain 10 assumptions are made for the evaluation regarding the data, such as whether the data are 11 available, and data for the construction year will be used for the model calculations. In cases of 12 missing data, engineering judgement was used to make up for missing data. One such example is 13 the regional studded tyre usage (13) since data at the time and for the specific roads were not 
16
After input and calculation, the corresponding wear rates predicted from the model were 17 plotted against the measured wear rates for the same period (see Figure 2) . Also, the measured 18 wear rates for the different roads for each year were plotted against the predicted wear rates. The results for the models are presented in Figure 2 . For most objects both sub-models A comparison of the two sub-models is presented in Figure 3 . As can be seen, based on the few data points available, the Prall sub-model gave a higher 4 predicted wear for both MTW and APW, while also indicating that the models gave similar 5 predictions at lower WR.
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Sensitivity analysis
The sensitivity analysis of the different required data and their effect on the calculated wear rate 10 are presented in Figure 4 . In the sensitivity analysis, the highest and lowest limits were assumed 11 to the highest and lowest values available in the dataset used for the model development. A 12 lower limit of 50% of the measured traffic was assumed for the investigated lane and the higher 13 limit was assumed to be 100% of the maximum measured traffic. It was also assumed that the Table 2 .
The results show that different parameters have a large effect on the results. In common for both 8 APW and MTW, the traffic parameters SST followed by the share of AADTL and the time 9 parameter the wear period showed a high variation in the resulting wear rate. Regarding MTW,
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for both models the type section can have a large impact, although it is less likely to be based on 11 a less reliable input since the lane width usually is easier to assume and control rather than, for 12 example, the SST. The APW was, as expected, not influenced by the section type. The section 13 type determines the lateral wander (see Table 2 , standard deviation), which will affect the shape The Mineral aggregate sub-model is part of the NORTRIP model (22, 29 The results are presented in Figure 6 . As can be seen, the mean concentration as well as the mean 28 emission factor were, as expected, reduced when the abrasion wear was reduced by reducing Due to the new circumstances from changes in the studded tyre legislation (type, weight, number 6 of studs etc.) it is important to adjust the model to the new circumstances trough calibration. The connection between the particle emission model NORTRIP and this wear model 25 should be further evaluated to improve both models. 
